Abstract Acrylamide is a carcinogenic compound which is produced as a result of thermal processing of food materials such as French fries, cereals and meat products. In this study the effects of four different parameters on the level of produced acrylamide in two types of beef burgers during the frying was investigated. Each parameter was used in three levels (temperature at 170, 190, and 210°C; frying time at 5, 6, and 7 min and meat level at 30, 60, and 85%, and also three types of oil, corn, canola and sunflower). Taguchi's L 9 design was applied to carry out the experiments. While temperature and meat level indicated more effect on the production of acrylamide in the studied samples, type of oil did not show any significant effects at all. Frying time (within the range studied here) showed minor contribution on the acrylamide level produced during the frying.
Introduction
Safety of food products is of great importance. Beef burger is one of the most popular food products that is produced through a frying process, neglecting the frying conditions and other related variables, leads to the formation of a hazardous chemical compound called acrylamide which can cause serious health problems.
(CH 2 = CHCONH 2 ) is a carcinogenic compound that is produced during the heating frying, baking, and roasting some specific food at high temperatures and in low humidity (Gokmen et al. 2006; Pedreschi et al. 2006; Gökmen et al. 2009; Yuan et al. 2011) . Acrylamide disintegrates in the body and forms glacidamide, which can cause cancer or damage nervous system through affecting DNA and causing mutation. International Agency for Research on cancer (IARC) has introduced acrylamide as a suspicious carcinogenesis compound against human health (Weisshaar 2004; Koh 2006; Ölmez et al. 2008) . Studies have demonstrated the carcinogen effect of this compound in mice (Pedreschi et al. 2007; Shin et al. 2010) . Acrylamide, as a neurotoxin, is formed in food materials rich in carbohydrates under high temperature conditions over extended heating periods (Parzefall 2008; Tateo et al. 2007 ). Among food products, the highest level of acrylamide is formed in French fries during the deep-fat frying (Gokmen et al. 2006; Serpen and Gökmen 2009 ). Effective factors on the acrylamide formation such as cooking period, temperature of frying, humidity, and amount of precursors for Maillard reaction, have been reported previously (Viklund et al. 2010 ).
Since food products containing meat are also prone to acrylamide production, the objective of the current study was to investigate the effect of four parameters (temperature, frying time, meat level, and oil) on the amount of acrylamide produced during the frying of two types of commercial beef burger. Taguchi experimental design was used to rank the impact of each effect on acrylamide production. Also two types of burger were used in experiment to show that achieved result was more logical.
Materials and methods

Materials
Hexane, potassium hexacyanoferrat (II) trihydrate (Carrez I), zinc sulfate heptahydrate (Carrez II), sodium sulfate, bromic acid, brome, sodium thiosulfate, sodium chloride, calcium chloride, ethylacetate, and acrylamide standard (99%) from Merck chemical company (Darmstadt, Germany) were used. Potassium bromide and valeric acid were supplied from Acros Organic (Paris, France) and Sigma-Aldrich (St. Louis, MO) respectively.
Sample preparation and analysis
Sunflower oil (containing 0.01% TBHQ anti oxidant, 0.01% citric acid, 16% mono unsaturated fatty acid, 72% poly unsaturated fatty acid, and 12% saturated fatty acid), and canola oil (containing 0.01% TBHQ anti oxidant, 0.0095% citric acid, 63% mono unsaturated fatty acid, 30% poly unsaturated fatty acid, and 7% saturated fatty acid) were used in this study. Fried beef burgers were maintained in the environment for 30 min and then they were distorted into powder form by means of mulinex blender. The powder was kept in refrigerator at 4°C temperature. Then, 30 g of powder was added to 70 ml of hexane for defating. The mixture was stirred by a magnetic stirrer at 700 rpm. The yellow liquid of fat which produced due to stirring was separated manually and then, the sample was dried with nitrogen. Following that, 100 ml of distilled water was added to the sample and the mixture was stirred by a magnetic stirrer for 1 h at 700 rpm. During this stage, acrylamide was extracted into water phase.
Then the sample was centrifuged for 15 min at 4,000 rpm. The upper transparent phase was moved to a balloon and increased to 100 ml by addition of distilled water. For sedimentation of protein, 5 ml Carrez I (150 g potassium hexacyanoferrat (II) trihydrate per liter) and 5 ml Carrez II (300 g zinc sulfate heptahydrate per liter) were added to the solution and stirred at 500 rpm (Ahn et al. 2008; Fiselier et al. 2005; Pittet et al. 2004) . After protein sedimentation, the rest of the solution was centrifuged at 4,000 rmp for 15 min. transparent phase was transferred to a container.
After acrylamide extraction by water, bromination process was carried out. At first 7.5 g of KBr and 0.5 ml of HBr were added to the sample and the mixture was shaken, then 2.5 ml of saturated Br was added and stirred manually. The mixture was maintained in a dark place and 0°C environment for 90 min. These conditions are essential for bromination reaction. The sample was then transferred out from refrigerator and maintain until the temperature reached to the room temperature (Ahn et al. 2008; Fiselier et al. 2005; Pittet et al. 2004) . After bromination, one molar solution of thiosulfate was instilled to the solution for Br neutralization. Instilling was continuing until the solution gets transparent. Finally, 4 g of NaCl was added to the mixture and stirred manually in order to enhance the extraction of ethyl acetate.
The extraction of acrylamide by ethylacetate and concentration
After derivitisation stage, the sample was transferred to a decanter and 20 cc of ethylacetat and 5 cc hexane was added to it and stirred for 10 min. In order to perform overall extraction for acrylamide, two more extraction were carried out on the. Then these three solutions were mixed and 3 g of sodium sulfate was added to the mixture while it was stirring on the magnetic stirrer. Finally, this mixture was centrifuged and transparent phase was separated.
The mixture was evaporated to one ml using nitrogen and then 0.1 ml of valeric acid was added to the mixture. Finally the solution was filtered and the acrylamide was analyzed by a GC-FID system in the presence of valeric acid as internal standard. Features of GC-FID system (pu4410, Scientific Philips) were as following. Capillary separating column of GC (PEG 10, Packed, 2 m length and Ø = 0.46 cm dm), FID detector was containing hydrogen and air at the speed of 33 and 330 ml/min respectively. Vector gas was nitrogen by 99.999% purity at the rate of 30 ml/min. temperatures of injection chamber and detector were both 180°C. The volume of injection was 1 μl. The temperature of the oven was scheduled as following: first at 85°C for one hour at the speed of 9°in minutes, then the temperature increased up to 100°C at the speed of 10°in minutes and finally the temperature enhanced up to 160°C at the speed of 20°in minutes and the sample remained in that temperature for 5 min.
Taguchi experimental design
Taguchi experimental design method is used in this study. This method reduces cost, improves quality, and provides robust design solutions (Taguchi 1986 ).
Taguchi method utilizes orthogonal arrays (OAs) from experimental design theory to study a large number of variables with a small number of experiments. OAs are subsets of the full (Taguchi 1986 ). The Taguchi method has developed into an established approach for analyzing interaction effects when ranking and screening various controllable factors. Moreover, this method is applicable to solving a variety of problems involving continuous, discrete and qualitative design variables (Tan and Tang 2001; Sogi et al. 2010) . Therefore, the present study adopts the Taguchi method to investigate the main effects on produced acrylamide in fried beef burgers.
Three stages of Taguchi approach to design the experiment are as follows:
1. Planning a matrix experiment (OA) based on the number control factors (preparation variables) and their alternative levels,
2.
Conducting the matrix experiment, 3. Analyzing and verifying the results (Tan and Tang 2001) .
Four factors each with three levels (low, medium and high) were chosen based on the literature and qualitative experiments (Luftig and Jordan 1998) . Three levels were defined for each of the factors as summarized in Table 1 . Also each run replicated 3 times (n=3), and the average of produced acrylamide for each run was reported. The statistical analysis of experiments, carried out through ANOVA method by design expert 8 software.
Results and discussion
Verification of the analytical method
Valeric acid was used as internal standard in order to qualify acrylamide level in each sample. First, four different concentrations of acrylamide (5, 19, 15 , and 20 ppm) as internal standard were prepared in three replicates. Then, prior to Fig. 2 The graph of Half-Normal Plot for beef burgers, a beef burger A, b beef burger B Fig. 3 Comparing the predicted and actual levels of acrylamide produced in beef burgers, a beef burger A, b beef burger B injection into GC-FID system, 10 μL of valeric acid as internal standard (112.8 g/lit) was added into the standard solutions. Then, mean relative response factor of acrylamide to valeric acid was determined using the chromatograms. A sample chromatogram obtained in this study is shown in Fig. 1 . Acrylamide was eluted within 4.5-5.5 min of the chromatogram, and the peak at 8.50 min is for internal standard (valeric acid). Before analyzing the samples for acrylamide 10 μL internal standard was also added to them and a total of 20 μL was injected into the GC. Results related to the analysis of variance (ANOVA) are shown in Tables 2  and 3 for the two types of burger used in this study.
Temperature, due to its lowest P-value, was identified as the most effective parameter. Based on Tables 2 and 3, meat proportion is considered the second important parameter on the acrylamide production. ANOVA represents a model, proving the integrity of the analyses, since the level of Pvalue for both studied burgers are valid and can be used to determine acrylamide levels in the samples. Quantitatively, the estimated effects of a given main effect and its rank relative to other main effects is given via least squares estimation (that is, forming effect estimates that minimize the sum of the squared differences between raw data and the fitted values from such estimates). Having such estimates in hand, one could then construct a list of the main effects ordered by the effect magnitude (Rahmanian et al. 2011 ). The half-normal probability plot is a graphical tool that uses these ordered estimated effects to help assess which factors are important and which are unimportant (Alam et al. 2010; Afoakwa et al. 2011) .
The graphs of half-normal probability plot show three parameters for the ANOVA. Adding next parameter, the oil, makes the model, represented by the ANOVA, insignificant. It means that the oil has no noticeable effect on the level of acrylamide produced. This is demonstrated in Fig. 2 for beef burgers A and B. Such results are consistent with those of Mestdagh et al. (2005) . Figure 3 demonstrates the true value of produced arcrylamide in beef burger A and B and corresponding predicted amount of that, represented by ANOVA. As it's depicted the points are close to the line Y = X. the amounts of R-squared and R-adjusted, represented in Tables 2 and 3 , are close to unity, which is another proof on the integrity of the model (Chakraborty et al. 2010) . Effect of each main factor on produced acrylamide Figure 4 (a and b) shows the effect of the temperature on the level of produced acrylamide. As the temperature increases the level of produced acrylamide in both burgers studied here also increase. There are several mechanisms by which acrylamide production can be explained in food materials. The most important mechanism is through the so-called Maillard reaction. Factors affecting this reaction such as temperature and cooking time can also influence acrylamide formation. Dramatic increase in the acrylamide level was reported by Gokmen et al. (2006) when cooking temperature was changed from 150°C to 220°C. Other researchers have indicated that in temperatures above 175°C acrylamide formation increases. Our results on this aspect agree well with those of some other researchers (Mattus et al. 2004; Fiselier et al. 2005; Gokmen et al. 2006 ). The effect of frying time on the level of acrylamide produced in both beef burgers (A and B) has been demonstrated in the Fig. 4 (c and d) . As it's shown the effect of the time of frying is less than the temperature itself. In terms of frying time, it should be taken into consideration that there are several parameters which affect acrylamide formation. The most important path toward formation of acrylamide is Maillard reaction; therefore factors which affect this reaction, such as temperature and time, are effective on the rate of acrylamide formation in food materials (Gokmen et al. 2006) . Temperature of frying has more effect on arcylamide production compared to the duration of frying (Fiselier et al. 2005) . Our results are consistent with this fact. Data related to the correlation between meat level and acrylamide formation in burgers A and B are shown in Fig. 4 (e and f). Unlike two previous parameters, increase in this factor causes reduction in the amount of acrylamide. Hence, in terms of acrylamide formation, the higher the meat level, the lower the amount of the produced acrylamide. Generally, Fig. 4 (a, b, c, d , e, f) show that frying beef burger with higher meat level, at lower temperatures and in shorter time duration causes lower acrylamide formation during frying. Our results show that the higher the level of meat in beef burger, the lower is the amount of acrylamide produced during the frying. The reason of this fact may be due to the more effective role of soya which has higher level in lowmeat beef burgers. Soya and cereals can cause more acrylamide compared to meat (Koh 2006) , because they have more amounts of glucose and asparagines, which are more prone to produce acrylamide. Food materials with higher amounts of carbohydrates and amino acids such as potato and cereals are more prone to produce acrylamide at high temperatures (Koh 2006) . On the other hand, high temperatures in food processing and low access to water in food materials are of great importance in acrylamide formation. In order to form acrylamide at the temperatures above 120°C, the presence of glucose and fructose (reducing sugar) and amino acids such as sitein, metionin, glutamine, and asparagines is necessary. Acrylamide production is affected by some specific features specially the amount of sugar and amino acids (Ooraikal and Moledina 1981) . The amount of reducing sugar is a limiting factor in acrylamide forming during frying food materials (Petersson et al. 2006) . In meat products, carnocine, which is a dipeptide, acts as a precursor for acrylamid production. Acrylamide changes to another compound called N-methylacrrylamide in a later stage and as a result, the level of acrylamide is decreased (Yaylayan et al. 2004) .
Changes in the level of acrylamide caused by two parameters at the same time Data related to the combined effects of temperature and frying time on the level of acrylamide produced are shown in Fig. 5 (a and b) . The lowest amount of acrylamide was produced at 170°C and in 5 min of frying time. The highest amount of acrylamide was formed at 210°C and with a Fig. 6 a Comparing the levels of acrylamide produced in two commercial burgers used in this study (A and B) with similar meat levels, b Relative impacts of the parameters on the amount of acrylamide produced in burgers A and B frying time of 7 min in both burgers (A and B) . Correlation between the combined effects of meat level and frying time is shown in Fig. 5 (c and d) . As meat level and/or the frying time were decreased, the level of acrylamide produced was also decreased. The lowest amounts of acrylamide 5.37 ng/g for sample A and 5.51 ng/g for sample B were found when a frying time of 5 min and a meat level of 85% were used.
Data related to the amount of the acrylamide with respect to meat level and temperature is shown in Fig. 5 (e and f) for burgers A and B of this study. Lower levels of acrylamide were formed when the level of the meat was the highest (85%) and the temperature was at its lowest (170°C). (2.67 ng/g for sample A and 2.84 ng/g for sample B). Comparing the levels of acrylamide produced in the two commercial burgers used in this study confirms the results of this work in different conditions applied here (Fig. 6a ).
Relative effects of the parameters on the level of produced acrylamide Data about the relative effects of the parameters used in this study on the level of acrylamide produced in the two burgers of the study (A and B) are shown in Fig. 6 . Effect of the frying temperature was much higher than those of other parameters. The F-value in ANOVA analysis shows the impact of each parameter on produced acrylamide. So the parameter which has the highest Fvalue shows the highest impact on acylamide production. Considering the frying time as the least effective parameter (F3 in the Fig. 6b ) relative effect of other parameters were determined by dividing their F value to that of frying time. For instance, the F value for the frying temperature in burger A is 45 times higher when compared to that of frying time in the same burger. Also the amount of the impact of the meat proportion is 6 times higher than that of frying time.
Conclusions
Regarding the hazardous effects of acrylamide on human health, the effect of some parameters was considered on the level of acrylamide for two types of beef burger during the frying. According to our results, we can get into this conclusion that temperature, meat value, and time of frying have significant effect on the level of acrylamide, whereas, type of oil had no significant effect on the level of acrylamide produced. Temperature is the most effective parameter following by meat value and time of frying. The most optimum conditions of frying for both beef burgers (A and B), is a result of reduction in frying temperature, reduction in frying time, and increase in meat value of the beef burger. Hence, according to our result the least amount of acrylamide is produced for the third treatment (170°C, in 7 min frying time, for the beef burgers with meat value of 85% and sunflower oil). Finally, according to the propinquity between two types of beef burgers and with respect to the effect of temperature, time and meat value, we can conclude that in order to obtain the least level of acrylamide, frying meat products should be done in the least possible temperature and frying time and by using high meat burgers.
